INTRODUCTION
Among Acridoidea, grasshoppers of the family Pamphagidae are little studied cytogenetically. Extreme karyotype conservatism has been demonstrated in this group: the main diploid numbers were 19( ) and (20 ) acrocentric chromosomes. The mechanism of sex determination is XO /XX (WHITE 1973; ALICATA et al. 1976; CAMACHO et al. 1981; SOFRADZIJA and MIKSIC 1982; SANTOS et al. 1983; CABRERO et al. 1985; FU PENG 1989; MANSUETO and VITTURI 1989; VITTURI et al. 1993; W ARCHALOWSKA-SLIWA et al. 1994) . However, comparative cytogenetic analysis of some Pamphagidae from Kazakhstan, Central Asia, and the Caucasus do not support the view of uniform karyotypes in Pamphagidae. At least two types of chromosome sets have been observed: 1) standard karyotypes with acrocentric chromosomes only (2n = 19, NF= 19; 2n =20, NF=20) and 2) karyotypes with 2n = 16 + neo-XY and 2n = 16 + neo-XX (BUGROV 1986 (BUGROV , 1996 . For this reason Pamphagidae grasshoppers from the Balkan Peninsula have been investigated cytogenetically for a better understanding of the formation and evolution of the neo-XY/neo-XX sex determination.
. The males were injected with 0.1-0.2 ml of 0.1 per cent colchicine; after 1.5-2.0 hrs. the testes were fixed in an ethanol-acetic acid mixture (3: 1) . The fixed material was washed and kept in 70 per cent ethanol. Dry squashed slide preparations were obtained by C-banding according to SUMNER (1972) with minor modifications.
MATERIALS AND METHODS

Eleven adult male
RESULTS
Asiotmethis limbatus (Charp.). 2n = 18 (16AA+neo-X+neo-Y).
Autosomes are acrocentric and can be divided into three size groups: 311 + 4MM + 1SS. The neo-X chromosome is large and submetacentric originating from a reciprocal translocation between the initially acrocentric X-chromosome and a large acrocentric autosome. The neo-Y chromosome is a large acrocentric (Figs. 1, 2), and seems to be still homologous throughout its entire length with the XR arm of the neo-X. The homology is demonstrated by complete pairing in the prophase of meiosis and by the formation of one or two chiasmata between neo-Y and the XR, which are not distally located (Fig. 3 ). C-heterochromatic blocks are located in paracentromeric regions of all autosomes. The S8 pair of autosomes was characterized by the presence of a small C-band located distally (Figs. 1-6). The neo-X chromosome in addition to the centromeric C-band has a minute telomeric C-band in the XL arm (Figs. 2, 3, 5) . The Ychromosome has a small paracentromeric C-band and additionally several very thin intercalary Cbands in its proximal part (Fig. 4) . During meiotic prophase, large bivalents form 2-3 chiasmata, medium size bivalents form 1-2 chiasmata and small size bivalents form only one chiasma (Figs. 3, 6) . The mean chiasmata frequency is 14.04 (±0.16). In the karyotype of one male two medium size heterochromatic acrocentric B-chromosomes were found (Fig. 5 ). During prophase of meiosis Bchromosomes formed bivalent with single chiasma (Fig. 6 ).
Paranocaracris bulgaricus (Ebn. et Drenow). 2n = 18 (16AA+neo-X+neo-Y).
Autosomes are acrocentric and can be divided into three size groups: 311 + 4MM + 1SS. The neo-X is a large submetacentric chromosome resulting from a mutual translocation between the initially acrocentric X-chromosome
Figs. 1-6 Asiotmethis limbatus; 1) C-banded metaphase II with the neo-y chromosomes; 2) Cbanded anaphase II with the neo-X; 3) metaphase I with C-bands; 4) the neo-y in mitotic metaphase with C-bands; 5) B-chromosomes in mitotic metaphase with C-bands; 6) metaphase I with C-bands.
and a large acrocentric autosome. The neo-y is an acrocentric chromosome distinctly shorter than XR arm of the neo-X chromosome . Cheterochromatic blocks are located in paracentromeric regions of all chromo somes. The 11 and L3 pairs of autosomes were characterized by the presence of small distal C-bands (Fig. 9) . The M7 pair of autosomes has a large interstitial C-band near the paracentromeric C-block and may be considered a megameric chromosome (Figs. 7, 8) . The neo-X chromosome has in addition to the centromeric C-band a minute telomeric C-band in the XL arm (Figs. 7, 8) . The y -chromosome is strongly heterochromatic in its proximal part (Figs. 8, 9 ). At meiotic prophase, large bivalents form two chiasmata, medium bivalents form 1 or 2 chiasmata, while small bivalents form only one chiasma. The neo-XY bivalent in the male forms one chiasma between the XR arm of the neo-X and the neo-Y. Usually this chiasma is located terminally (Fig. 9) . The mean chiasmata frequency is 14.67 (±0.34).
Paranocarodes chopardi Peshev. 2n = 18 ( 16AA + neo-X + neo-Y) .
Autosomes are acrocentric and can be divided into three size groups: 311 + 4MM + 1SS. The neo-X chromosome is large and submetacentric, originating from a reciprocal translocation between the initially acrocentric Xchromosome and a large acrocentric autosome. The neo-Ychromosome is acrocentric and distinctly smaller in size than the XR arm of the neo-X chromosome (Figs. 10-12 ). C-heterochromatic blocks are located in paracentromeric regions of all chromosomes (Figs. 10-12) . The M6 pair of autosomes has in addition to a paracentromeric Cband multiple thin interstitial C-bands and may be considered megameric (Figs. 10-12) . The neo-X chromosome has in addition to the centromeric C-band a very small telomeric C-band in the XL arm (Figs. 10, 12) . The Y -chromosome has a large paracentromeric and intercalar C-band (Figs. 11, 12 ) . At meiotic prophase large bivalents form two chiasmata, medium bivalents form 1-2 chiasmata, and the small bivalent only one chiasma. The neo-XY bivalent in the male forms a single terminal chiasma between the XR arm of the neo-X and the neo-Y (Fig. 12) . The mean chiasmata frequency is 13.09 (±0.13).
Paranocarodes straubei (Fieb.). 2n = 18 (16AA + neo-X + neo-Y). ,
The chromosome complement, chiasma frequency, and C-heterochromatin patterns of this species are more similar to P. chopardi but the neo-Y chromosome has a minute multiple intercalary C-block in the proximal region (Fig. 13) . The mean chiasmata frequency is 12.69 (±0.31).
DISCUSSION
The species belonging to the family Pamphagidae Asiotmetis limbatus , Paranocaracris bulgaricus, Paranocarodes straubei, and Paranocarodes chopardi have a similar morphology of their karyotypes: 2n = 18 (16AA + neo-X + neo-Y) . The sex determination neo-XY /neo-XX is the result of a reciprocal translocation between an acrocentric large autosome and initially acrocentric X -chromosome (X -A fusion) . Asiotmethis limbatus, belonging to the subfamily Akicerinae, has a karyotype similar to the earlier studied Asiotmethis heptapotamicus (Zub.). from Kazakhstan with neo-XY sex chromosome determination resulting from a centromere-centromere fusion of the acrocentric large autosome and the initial ly acrocentric X-chromosome (BUGROV 1986) . In Asiotmethis limbatus and A. heptapotamicus the neo-Y chromosome and its homologous XR arm of the neoX are almost isomorphic in size and they have complete pairing during meiotic prophase. A minor difference in C-banding found between XR and neo-Y in A. limbatus may be considered as the initial stage of the heterochromatinization of the neo-Y . Paranocaracris bulgaricus, Paranocarodes straubei, and Paranocarodes chopardi belonging to the subfamily Pamphaginae, displayed a similar level of decrease in pairing of the XR-arm of neo-X and neo-Y in meiosis, heterochromatinization and reduction in size of the neo-Y . Structural differences between the originally homologous autosomal part of the neo-Xchromosome (XR-arm) and the Y -chromosome are most evident in the presence of a heterochromatinization of the paracentromeric and intercalar regions of the Y -chromosome in this species. The heteromorphization of the sex chromosomes in Pamphaginae grasshoppers conforms to the classical models (MULLER 1914; WHITE 1973; CHAR LESWORTH 1978) , which assumed that recessive mutations connected with loss of function of different genes accomulated in the Ychromosome, because of the absence of crossing-over, lead to an inactivation and reduction of the Ychromosome. One may therefore pose a hypothesis of a phylogenetic relationship between the Bulgarian species of the subfamily Pamphaginae and some Caucasian species such as Paranocaracris rubripes (F .-W .) and Nocaracris cyanipes (F.-W.) (2n = 16AA+neo-X+neo-Y) (BUGROV 1991 (BUGROV ,1996 BUGROV and WARCHALOWSKA-SLIWA 1997) . It may be that this group of species is monophyletic and that they differ from West Mediterranean Pamphaginae, having extremely uniform chromosome sets (2n = 19, 2n = 20) and sex chromosome mechanism XO /XX (CAMACHO et al. 1981; SANTOS et al. 1983; MANSUETO and VITTURI 1989; VITTURI et al. 1993; WARCHALOWSKA-SLIWA et al. 1994) . Probably, the evolutionary formation and divergence of these "Caucasian" taxa, which are distributed in the East Mediterranean up to the Iranian plateau region, arose on the basis of the transformation of the X-A karyotype. It seems that further karyological investigation of the Pamphagidae grasshoppers from the Balkan Peninsula, the Caucasus, and Central Asia will provide other patterns of structural evolution of neo-XY sex chromosome determination .
